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(57) [Abstract] 
[Issue] 

An electric discharge surface treatment method for gears is provided, for 
which a production cost of a green compact electrode can be decreased, and 
the electrode can be commonly used for gears that have different numbers of 
teeth, and can be used without problems even if the electrode is wasted to 
some extent, so that a surface treatment cost can be substantially decreased, 
as well as position control for the workpiece with respect to the electrode can 
be easily performed, and a surface treatment can be performed only on 
engage starting sides of the gears. 

[Means for solution] 

In the method, in place of a female-die green compact electrode having a 
hollow portion with gear shape, a green compact electrode "E" formed in a 
rack shape is used, a gear "W" to be treated is rotated, and a hard coat is 
formed on a surface of teeth of the gear T by generating electric 
discharges between the gear T and the rack-shaped electrode "E" while 
relatively moving the two. 
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CLAIMS 

What is claimed is'- 

1. An electric discharge surface treatment method for gears, which 
forms a hard coat, by generating an electric discharge between a gear to be 
treated and a green compact electrode, on a surface of the gear to be treated, 
wherein 

the green compact electrode is formed in a rack-shaped, and the gear to 
be treated is rotated, and the hard coat is formed by generating the electric 
discharge between the gear and the rack-shaped electrode while relatively 
moving the two. 

2. An electric discharge surface treatment method for gears, as recited 
in claim 1, wherein an engage starting side of the gear to be treated is 
approximated to the rack-shaped electrode, and the electric discharge is 
generated only on the engage starting side. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention is related to a surface property modifying 
technology for a gear, and particularly to an electric discharge surface 
treatment method, by which a pitting occurrence can be prevented by 
coating a hard coat on a surface of the gear, and a life extension of the gear 
can be achieved. 
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[0002] 

[Description of the Related Art] 

For example, regarding a continuous engaging gear of an automatic 
transmission, a pitting sometimes occurs particularly on a dedendum 
proximity portion of an engage starting side, and damage, originated from 
the pitting, of the gear is caused. In the past, a life extension of the gear has 
been achieved by coating a hard coat, such as a coat of "TiN" or "TiC", on a 
surface of the gear, in order to prevent a disruptive accident described 
above. The coating with the hard coat described above has been treated by, 
for example, the PVD (Physical Vapor Deposition) method using a vacuum 
furnace, or an electric discharge surface treatment method using an electric 
discharge machining device. 
[0003] 

In the electric discharge surface treatment method out of the methods, as 
illustrated in Fig. 3, a green compact electrode "Ec", formed in a female-die 
shape, having a gear shape hollow portion "H" of which dimension is slightly 
larger than the dimension of a gear "W" (workpiece) to be coating-treated by 
using, for example, "Ti" powder, is used as an electrode. Then, for example, 
in an electric discharge machining fluid such as white kerosene, pulse 
voltage is applied between the electrode "Ec" and the gear "W" to be treated 
while the electrode "Ec" is fluctuated, in a condition in which the gear "W" is 
installed in the hollow portion "H" of the electrode "Ec"; thereby electric 
discharges are generated between them. According to above processes, "TiC" 
is produced by reacting "Ti" in the electrode "Ec" with "C" being a 
constituent element of the electric discharge machining fluid, and a hard 



coat is formed by depositing "TiC" on a surface of teeth of the gear "W". 
[0004] 

[Problems to be solved by the Invention] 

However, in the electric discharge surface treatment method as 
described above, there have been problems in that a manufacturing cost of 
the electrode is expensive because a green compact electrode having a gear 
shape hollow portion is used, and process control is difficult because a gap 
between the electrode and a gear (workpiece) to be treated is determined 
according to a dimension of the electrode when manufactured, and electrode 
life is short because the gap is expanded according to exhaustion of the 
electrode, and many electrodes must be prepared according to the type of 
the workpiece because the same electrode cannot be used when the number 
of teeth of the gear to be treated is changed, so that the cost of the surface 
treatment is inevitably increased. Furthermore, there has been another 
problem in that a surface treatment performed only on an engage starting 
side of a gear, on which a pitting occurrence tendency is particularly 
remarkable, is difficult, so that it is a subject of the electric discharge 
surface treatment method for gears, as described above, to clear the above 
problems. 

[0005] 

[Object of the Invention] 

The present invention has been made in focusing attention on the above 
problems of the conventional electric discharge surface treatment method 
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for gears. Then, it has been made in order to provide an electric discharge 
surface treatment method for gears, by which a production cost of a green 
compact electrode can be decreased, and the electrode can be used for gears 
that have different numbers of teeth, and can be used without problems 
even if the electrode is wasted to some extent, so that a gear surface 
treatment cost can be substantially decreased, as well as position control for 
the workpiece with respect to the electrode can be easily performed, and a 
surface treatment can be performed only on engage starting sides of the 
gears. 

[0006] 

[Means for solving the problems] 

The electric discharge surface treatment method for gears, according to 
claim 1 of the present invention, forms a hard coat, by generating an electric 
discharge between a gear to be treated and a green compact electrode, on a 
surface of the gear to be treated, and is characterizing in that the method is 
processed in such a way that the green compact electrode is formed in a rack 
shape, and the gear to be treated is rotated, and the hard coat is formed by 
generating an electric discharge between the gear and the rack-shaped 
electrode while relatively moving the two, in an electric discharge surface 
treatment method for gears. Moreover, the electric discharge surface 
treatment method for gears, according to claim 2 of the present invention, is 
characterizing in that the method is processed in such a way that an engage 
starting side of the gear to be treated is approximated to the rack-shaped 
electrode, and the electric discharge is generated only on the engage 
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starting side. The above procedures of the electric discharge surface 
treatment method for gears are used for solving the conventional problems 
described above. 

[0007] 

[Action of the Invention] 

In the electric discharge surface treatment method for gears, according 
to claim 1 of the present invention, because a green compact electrode 
formed in a rack shape is used in place of a female-die green compact 
electrode having a gear-shaped hollow portion, the electrode shape becomes 
simple, and the production cost of the green compact electrode is reduced to 
about one-tenth of the production cost of the gear-shaped female-die 
electrode. Moreover, because the gear to be treated is rotated and moved 
relatively on the rack-shaped green compact electrode, without installing 
the gear in the hollow portion of the female-die electrode, the same electrode 
can be commonly used as long as the module is not changed, even if the 
number of teeth of the gear to be treated is changed. 
[0008] 

Moreover, because a gap adjustment between the green compact 
electrode and the gear to be treated can be easily controlled, the electrode 
can be used further by controlling the distance, between the electrode and 
the gear to be closer to each other, even if the electrode is wasted due to 
electric discharges; therefore, the useful life of the electrode can be 
increased. 
[0009] 
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Furthermore, because position control for the gear with respect to the 
green compact electrode can be easily performed, as described in claim 2, a 
hard coat can be formed only on an engage starting side of the gear on which 
a pitting occurrence tendency is remarkable, by approximating an engage 
starting side of the gear to the rack-shaped electrode so as to generate the 
electric discharge only on the engage starting side; therefore, a pitting 
resistance of that side can be increased. 

[0010] 

Fig. 1 is an oblique perspective view in this case, for explaining a 
positional relation between the green compact electrode and the gear to be 
treated. As illustrated in Fig. 1 (a), an engage starting side of the gear "W" 
(workpiece) to be treated is approximated and engaged, in a noncontact 
condition, to the teeth of the rack-shaped green compact electrode "E" in an 
electric discharge machining fluid, and the electric discharge surface 
treatment is performed by generating electric discharges between the 
engage starting side of the gear "W" and the green compact electrode "E", 
while the gear "W" is rotated and the electrode "E" is moved. If the 
electrode "E" is wasted due to the electric discharges, a push treatment of 
pushing the electrode "E" in the radial direction of the gear "W" is 
performed, and the electric discharge surface treatment is continued while 
the distance between the two is controlled. 
[0011] 

Moreover, when the green compact electrode "E" is further wasted, by 
moving the electrode "E" in the axial direction of the gear "W" as illustrated 
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in Fig. 1 (b), the electric discharge surface treatment can be continued in the 
same manner. At this time, even if the engaging position is shifted in the 
axial direction, the front portion of the electrode "E" is wasted enough due to 
the previous electric discharges as illustrated in Fig. 1 (b), and the distance 
between the electrode "E" and the gear "W" is maintained to be more than a 
certain value, so that the electric discharge surface treatment is performed 
only on the engage starting side of the gear "W, and a hard coat is not 
formed on the front portion on which the coating is not needed. - 

[0012] 

[Effects of the Invention] 

The electric discharge surface treatment method for gears, according to 
claim 1 of the present invention, is performed in the above procedures. In 
other words, the method is performed in the procedures, in which a green 
compact electrode is formed in a.rack shape, and the gear to be treated is 
rotated, and the hard coat is formed by generating electric discharges 
between the gear and the rack-shaped electrode, while relatively moving the 
two. In other words, because the rack-shaped green compact electrode is 
used, the production cost of a green compact electrode can be substantially 
reduced compared to the production cost of a conventional female-die 
electrode, as well as the number of types of the green compact electrode can 
be decreased, because the same electrode can be used for each of gears, even 
if the number of teeth of the gear is changed but the module is not changed. 
Therefore, a production cost and a management cost of the electrode can be 
reduced. Moreover, because the distance between the rack-shaped green 
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compact electrode and the gear to be treated can be easily controlled, even if 
the electrode is wasted due to the electric discharges, useful life of the 
electrode can be increased by controlling the distance between the electrode 
and the gear closer to each other. Therefore, an excellent effect of 
substantially reducing the cost of the electric discharge surface treatment 
for gears can be realized. 

[0013] 

In the electric discharge surface treatment method for gears, according 
to claim 2 of the present invention, the engage starting side of the gear to be 
treated is approximated to the rack-shaped electrode, and the electric 
discharges are generated only on the engage starting side. In other words, 
in the electric discharge surface treatment method for gears, according to 
the present invention, the electric discharges can be generated only on the 
engage starting side by approximating the gear to the rack-shaped 
electrode, because a rack-shaped green compact electrode is used and 
position control for the gear with respect to the electrode can be easily 
performed. Thereby, a hard coat can be formed only on the engage starting 
side of the gear on which a pitting easily occurs, and an excellent effect of 
substantially improving the pitting resistance on that portion can be 
realized. 

[0014] 

[Embodiment] 

Hereinafter, the present invention will be more specifically explained 
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according to the following embodiment. 
[0015] 

By using "SCM420H" steel (chrome molybdenum steel) defined in JIS-G- 
4052, the steel was forged in a gear shape, and a final machining treatment 
was performed; then, a carburization quenching treatment was performed 
based on an ordinary method. A surface hardness of a gear "W" (workpiece) 
to be treated, which was formed as described above, was a Vickers hardness 
of about 850. 
[0016] 

Meanwhile, a rack-shaped green compact electrode "E", as illustrated in 
Fig. 1 (a), was formed by using "Ti" alloy powder, and, as illustrated in Fig. 
1 (a), in an electric discharge machining fluid (white kerosene), only an 
engage starting side of the gear "W" to be treated, on which a carburization 
quenching treatment was performed, was engaged to the electrode "E" on a 
noncontact condition. Moreover, electric discharges were generated by 
applying pulse voltages between the electrode "E" and the gear "W", while 
the gear "W" was rotated and the electrode "E" was moved; thereby, a hard 
coat with "TiC" was formed on the engage starting side of the gear "W". In 
this case, a surface hardness on the coating portion of the gear "W" was a 
Vickers hardness of about 2500. 
[0017] 

A durability test of the gear "W", on which the electric discharge surface 
treatment was performed as described above, was performed, after the gear 
was installed in an actual automatic transmission, and the pitting life of the 
gear "W" was investigated. Then, the pitting life of the gear "W" was 
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compared with the pitting life of another gear as a comparison example, on 
which a surface treatment with a hard coat was not performed and only the 
carburization quenching treatment was performed. 
[0018] 

The result of the test is illustrated in Fig. 2, and it is recognized that the 
pitting life of the gear as a present invention example, on which an electric 
discharge surface treatment is performed by using "TiC", is substantially 
improved in comparison with the gear as a comparison example, on which 
only the carburization quenching treatment is performed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 (a) is an oblique perspective view for explaining a procedure in 
which a treatment with a hard coat is performed only on an engage starting 
side of a gear in an electric discharge surface treatment method for gears, 
according to the present invention; 

Fig. 1 (b) is an oblique perspective view for explaining a surface 
treatment procedure after one side of the rack-shaped electrode illustrated 
in Fig. 1 (a) is wasted; 

Fig. 2 is a graph in which the pitting life of a gear as an invention 
example, on which an electric discharge surface treatment according to the 
present invention is performed, is compared with the pitting life of a gear as 
a conventional example, on which an electric discharge surface treatment is 
not performed; and 

Fig. 3 is an oblique perspective view illustrating a conventional electric 
discharge surface treatment method for gears. 



[Description of the Symbols] 

"E" is a green compact electrode; and "W" (workpiece) is a gear to be 
treated. 



14 



(19)B*ffl#WJT (JP) 



(12) 



«F fF ^ (A) 



#^2000 -345367 
(P2000 - 345367A) 
(43) B ¥J&12*R2£ 12 0 (2000. 12. 12) 



(51) IntCl. 7 
C 2 3 C 26/00 
B2 3H 9/00 



F I 

C 2 3 C 26/00 
B 2 3 H 9/00 



D 3C0 5 9 
A 4K044 
B 



m&m$l *IS* 2 OL (£ 4 H) 



(21)ffl^#^ 


ftmm 1-152016 


(71) fltfiSA 000003997 








(22)ffiSB 


3p^Kll^ 5 n 31 H (1999. 5. 31) 








(72)%W# t % $ 






#^;n^«iSrw^;iiKS«r2#« bm 












(74)f$SA 100077610 












F^-A(##) 3C059 AA01 AB01 HA00 HA03 






4K044 AA02 AB05 BA18 BC01 CA12 






CA36 CA39 



(54) mmozm &*<Dtkmim® t mt3& 



(57) mm] 

mmn u-c t> im& < 5 - * t * ss^i= 

t 9 v i: fcffjk»«Mb ***** e>W#»IB-C*Sc 

§0 



E 





M I PAT/ I P : *RfM2000-345367 (2) 



t *r*M»fc l K«©«*<&»«*BB*G!a*" 
[0 0 0 1] 

[0 0 0 2] 

**«:l»Jh-rafc*, »»*BICT i N^T i Cft if© 

^^11 MMX^^iV^PVD (Physi c 
al Vapor Deposition) Jfc* 

[0003] ^ibfe<o5*>. tt«^«a*tfcte*3t^-t 
e!^:T^^^^Scfl;f« I ^ ] ^^v^•r. e c^i 

»Hrtte«»a»*W*#ALfc:|fc1*-e* fffiEcSrffi 
»£*fca*fc»|BE c i#*:wi:(Drat-^/^Sffi^fP 

r*Uc:J;o-c®@E c T i tJftfl;?Kcofl|j*7clBt?fc 
SCi^gjgttT i c#£j*£iv tSt*Q!3ffl1t*:W(7>» 

[0 0 0 4] 



1 * 7 - * o«« r t ic «tt & «4i u r *5 < &5 a* 
(7)F«m££fi¥M1-6 w £ a* - (7) i 5 fttt4£00c«$ffiKL 

[0 0 0 5] 

*««<7>*3ft=^ h*«<, «R<&ftftS«*fcfcffiff! 
[0 0 0 6] 

ffi^^y^W^U tfcfea»*£IIl(E£ii:£fc# 
[0 0 0 7] 

WtfrMfr^tcb LTt, q&^a— /u«sia— "CfcO * 

[0 0 0 8] tut, JI«9flc««i:«*q!a»*i:©l»W] 
(OMff^SA ft fc co t ft a cot% JSSc«^ J: o ttll^tl 



M I PAT/ I P : «RfM2000-345367 (3) 



6 «fc 5 [dft 9 , «ttco»/BJM*2W*tJ c « - 1 1- ft 

[0009] n*Kff»#fwic*hr*«»a« 

LTV^<b J: 5 *tea»tf^**^te»M«:9 ^ 
-£3 J: 5«cfti-w fcUiioT, fc'yx^ v^<o5§£MIp] 

5r £tcft5 0 

[0010] El lit, #^JE»fc«tt£#te3B« 
*ottlHfli«:lll»t5<WB"e*oT, Ull (a) K 

* v ^at>« fc e m t $ it^ffi^ 

[0 0 11] tLt, ffi»*«BE*4felc«i»6Lfcll9 
Eli (b) M^-fJ: idE&Mw^i* 

(b) {c^-TJ:pl-, ^ftj^su ^JfeSl- «£ o T+»i^i 

amwa*»***t5 - 1 «ftv\ 
[0012] 

t Bute 9 s/ * t ^r+S*t^Eb S * ft tf* b W#£> W I- 

fe5o i"ft^^> ? y ^ »*©E»*t««:*« 1 8 i 

feofct LTt^&^a— /uasra— wcnttt 

nti^S J: 5 left 9 N •*w»**S*Q ! a3^ h 



[0 0 13] *«W^HI*«2{C«fc5»*^&«*ffi 
*5 J: 9ia"Ci^ fl i*ftfc*> N *38B»w«to5»*:© 
»*^ffi«WJ1»^^ftt>^tft5^^ ±IBcoJ: 

x*#, rnii <t o t t B r ^ t^t v ^ 

*-f-5 5 J; ?lcft5£^5 S&tefth,fcS&* 

[0 0 14] 

[0 0 15] J IS G 40 5 2lC«£Stl8SCM 

^AMMlL^o -co J: 5 tcLTWfeftfctfijiQfaft 

X\ 88 5 0"t?*>ofco 
[0 0 16] — T i V^-C, HI (a) 

t AixteS * % L fclS^ai&CW^Bi^v ^ fcftij co 
*S^»#««E^*««-e*^t>-e:, #*:w$r[E] 
i3E»«cm«ES:#»S*a*Sb, 

JioT^S^ii-, »tea»*wo«*^v^*«JJ:T i 

y*^«St?, «2 5 0 0-C*>ofc 0 
[0 0 17] iw± 5fcL-Cflc«*BB*a«:lftbfc»*: 

^121, a«*«t^*ap4QfaS:fT5-i:ft<. 
[0018] cco*S*tt, a2l:*tttin^ot > 

ajKjftSAntea^tsotbttwwwjitt^T, t i c 

[HfficDfS^ftlftP^] 

[mi] (a) **w^«tos»*«>ft««ffi*Q!a* 
ffiftasrifc-riffiisriftwi-sftaH-efca. 

(b) 01 (a) IC^Lfc^y^^Stl^ffiW 5 ^ 



M I PAT/ I P : #§152000-345367 (4) 



[12] *«EK#fc3&**ffi*&S$:*Lfc«8ffil# 
m 3 ] ^^^Hm^fem^E^S^iSr^-r^ElT" 



E 




[E!2] 




K> 5 TO 6 K? 10 8 

[IH3] 





